The healthcare professionals involved in in-hospital treatment of myocardial infarction (MI) are also responsible to patients for their education before leaving the hospital.
Introduction
Adherence to medications after discharge from hospital is required for effective treatment of chronic diseases, including ischemic heart disease [1] . It is estimated that up to 60-80% of patients do not follow recommendations during long-term therapy [1] [2] [3] , making it impossible to achieve therapy goals. In order to achieve patient's active involvement in the therapeutic process, it is necessary to provide the patient with some elementary knowledge about the disease and its treatment. Therefore, effective health education is essential for successful therapy [4, 5] . The healthcare professionals involved with in-hospital treatment of patients with myocardial infarction (MI) are also responsible for their preparation for discharge from hospital including education aimed to modify the risk factor profile, improve self-control and adherence to treatment [6] [7] [8] [9] [10] . In order to evaluate the effectiveness of preparation for the discharge procedure, the Readiness for Hospital Discharge after Myocardial Infarction Scale (RHD-MIS) was developed [11] . It is not clear, however, to what extent the level of readiness to discharge in patients after MI affects their subsequent adherence to therapeutic recommendations.
Presented data were collected as a part of a wider master project titled 'The influence of education on adherence'. Some results of the project have already been published [12, 13] .
The aim of this study was to evaluate the long-term relationship between readiness for discharge from hospital and adherence to treatment in MI patients.
Methods
An observational, single-center, cohort study with 6-month follow-up was conducted at the Jurasz University Hospital in Bydgoszcz, Poland. The master project titled 'The influence of education on adherence' was approved by The Bioethics Committee of the to MI between May 2015 and July 2016 were considered eligible for the study. Subjects with cognitive or physical impairment, prisoners, soldiers, and patients remaining in any personal relationship with researchers were excluded. A written informed consent was acquired from all study participants before enrollment [12] . All patients during hospitalization and follow-up were treated according to current guidelines of the European Society of Cardiology [10] .
Patients enrolled in the study received in-hospital education as a part of an in-hospital rehabilitation program, and were then seen in the out-patient clinic every 2 months up to 6 months after hospital discharge. Patients who missed their follow-up visit were contacted by phone and telephone follow-up was performed. The information regarding re-hospitalization or death of study participants was retrieved from the National Health Fund [12] .
An in-hospital standardized educational program, which was a pivotal element of the procedure in patient preparation for discharge, was conducted by educational nurses in cooperation with physiotherapists, dietitians and physicians in all patients. The program includes information regarding pathophysiology of coronary artery disease, symptoms and treatment of the disease, diet, physical activity, and plan for outpatient control visits.
Readiness for discharge from hospital was assessed with the Readiness for Hospital Discharge after Myocardial Infarction Scale (RHD-MIS) [11] . Adherence to treatment at follow-up was evaluated with The Adherence in Chronic Diseases Scale (ACDS) [14, 15] . Both scales were developed and validated in patients after MI [11, 15] and are available free of charge on the The RHD-MIS consists of three subscales: (1) subjective, and (2) objective assessment of patient knowledge about the disease, and (3) patient expectations [11] . A score from 0 to 3 was assigned for each of 23 RHD-MIS items. The questionnaire also contains non-scored questions regarding patients' opinions related to disease, treatment and prevention. A total RHD-MIS score of more than 57 points indicates high readiness for discharge, less than 44 pointslow readiness, while medium readiness was defined as scores between 44 and 57 points. The previously reported an alpha-Cronbach coefficient of 0.789 indicates high reliability and homogeneity of this questionnaire. Moreover, internal consistency analysis of the RHD-MIS, three areas confirmed the appropriateness of the subscale distinction [11, 12] .
Adherence to medication was assessed with standardized, self-reported questionnaire the ACDS. The scale includes 7 questions with sets of 5 suggested answers to each question. Depending on the answer, each item of the scale is awarded 0-4 points. A score of more than 26 points reflects high adherence to treatment, while scores of 21-26, and less than 21 points respectively, correspond to intermediate and low adherence. According to the validation study, the ACDS questionnaire has a satisfactory level of reliability and homogeneity (alpha-Cronbach coefficient of 0.752) [13] . The ACDS is designed for surveying adults treated for chronic diseases and reflects the actual implementation of a treatment plan regarding pharmacotherapy.
The first section of RHD-MIS, as well as the entire ACDS were completed by patients under the supervision of a data collecting nurse.
All enrolled patients were evaluated with the RHD-MIS on the day of discharge from hospital, while the ACDS was assessed 6-months after discharge [12] . Concordance between the subjective and objective assessment of knowledge with the RHD-MIS was recognized when the results of both subscales were in the same score ranges (high and high, intermediate and intermediate, or low and low); extremely different scores (high and low) of subjective and objective assessment of knowledge were defined as extreme discordance; any other combination of subscale results was classified as discordant.
In order to ensure accuracy and completeness of data collection, special care was taken to assure study participants of anonymity and confidentiality of the information obtained from both questionnaires. The data collecting staff also did their best to avoid influencing patient responses [12] . All data collection, including supervision of questionnaire completion, was performed by three co-authors of this paper (AKo, PM and ŁP).
Statistical analysis
Statistical analysis was performed using Statistica 12.0 software (StatSoft, Tulsa, USA). Medians with interquartile ranges and means with standard deviations were used for continuous variables presentation. Normality of data distribution was verified with the Shapiro-Wilk test. Due to a lack of normal distribution of the investigated continuous variables, non-parametric tests were used for statistical analysis. The Mann-Whitney unpaired rank sum test was applied for comparisons between the two groups. Comparisons between three or more groups were performed with the Kruskal-Wallis one-way analysis of variance for assessment of heterogeneity. For evaluation of trends the Jonckheere-Terpstra test was used. The degree of association between two variables was assessed with the Spearman rank correlation test. The results were considered significant at p < 0.05 [12] .
Results

General results
The study population consisted of 213 patients (59 women and 154 men) aged from 30 to 91 years (average 62.91 ± 11.26 years), with complete data collected at baseline hospitalization and at follow-up visit ( Fig. 1 ) [12] .
Out of 379 consecutive patients who met the inclusion criteria during hospitalization and were successfully discharged from hospital, 166 individuals were not enrolled in the study (127 of them did not provide their consent for participation in the study, 14 died after discharge from hospital, but before the follow-up visit, 9 were lost to follow-up due to failure of contact, and 16 refused to participate in follow-up or provided incomplete answers precluding data analysis) [12] . Only 37 (17.4%) patients participated in a rehabilitation program after discharge. The characteristics of the study population is shown in Table 1 [12] .
The level of readiness for discharge from hospital was assessed with the RHD-MIS general score which ranged from 29 to 69 points with a median of 52 and an average score of 51.16 ± 9.87. A high level of readiness was found in 66 (31%) patients, intermediate in 92
(43.2%), and low in 55 (25.8%) of patients. The results obtained with each of the three subscales are shown in Table 2 .
According to multiple comparison tests, none of the analyzed sociodemographic nor clinical factors were associated with the RHD-MIS general score. Regarding the RHD-MIS subscales, knowledge about coronary artery disease according to an objective assessment was associated with gender (higher for female; p = 0.012) and with place of residence (higher for city dwellers; p = 0.025). Economic status was found to have an impact on patient expectations (higher for lower status; p = 0.014); no association between the factors analyzed and subjective assessment of knowledge was found. Detailed results concerning those factors have been previously published [12] .
The results of ACDS were influenced by age (higher for patients < 65 years of age; p = 0.0005) and previous MI (lower for patients with MI before the index event; p = 0.005).
A comparison of subjective and objective assessment of patient knowledge revealed concordance in 90 (42.3%) subjects, while discordance was observed in 123 (57.7%) patients.
Moreover, an extreme mismatch (low and high level) occurred in 24 (11.3%) patients ( Table   3 ).
The adherence to prescribed medication assessment with the ACDS at 6 months after discharge from the hospital resulted in a score from 7 to 28 (median of 24 points; average of 23.34 ± 4.06). A score of over 26 points classified as high was obtained by 56 (26.3%) patients, an intermediate score (between 21 and 26 points) was found in 106 (49.8%) subjects and in 51 (23.9%) patients the score was under 21 points was defined as low.
Detailed results
A comparison of RHD-MIS general score according to ACDS scores in all patients enrolled in the study did not reveal any significant differences, only a trend (p = 0.038) suggesting higher adherence at follow-up in patients with a higher level of readiness for discharge was found ( Table 2 ). However, in subjects showing concordance between subjective and objective assessment of patient knowledge, higher ACDS results were associated with higher RHD-MIS general scores (ACDS score of 22.64 ± 4.83, 23.34 ± 2.94, and 24.97 ± 3.55 for low, intermediate and high RHD-MIS general score, respectively (p = 0.018). The comparison of these ACDS scores showed differences for low vs. high (p = 0.023) and intermediate vs. high (p = 0.014), but not for low vs. intermediate (p = 0.099) RHD-MIS general score.
Among the RHD-MIS subscales, the increase in objective assessment of patients resulted in significantly higher level of adherence at follow-up visit (p = 0.0154); R Speraman = 0.16671, p = 0.015; p for trend = 0.005. The results of the remaining RHD-MIS subscales did not show a relationship with ACDS results. Nevertheless, the high result of RHD-MIS general score as well as high results of all subscales of RHD-MIS were associated with the highest adherence level according to ACDS (Fig. 2) .
RHD-MIS and ACDS scores were analysed according to patient opinions expressed in non-scored RHD-MIS items (Figs. 3, 4 ). Due to the distribution of answers, answers "Yes" and "I guess so" were combined and compared vs. answers "I do not" and "I'm not sure". The statistical analysis of RHD-MIS was not performed for the first opinion (A), as almost all patients (210 vs. 3) answered "Yes" or "I guess so". For all remaining opinions significant differences regarding RHD-MIS were found (Fig. 2) ; for B, C, and D the mean score was higher with answers "Yes" and "I guess so", while for opinion E it was higher with answers "I do not" and "I'm not sure" (Fig. 3) . The ACDS scores did not differ with regard to patient opinions ( Fig. 4) . 23.56 ± 3.92; p = 0.130).
Moreover, significant differences in scores of
Discussion
Therapy according to medical guidelines has shown to be effective with regard to a reduction in illness symptoms and in the prevention of complications, however the rates of long-term adherence to pharmacotherapy tend to be as low as 50-60%, regardless of the of illness, the regimen of treatment and the applied criteria [9, 16] . Available evidence suggests that patients early after hospitalization remain particularly vulnerable. Adverse events, including serious medication errors and hospital readmissions, occurred in nearly 20% of patients within 3 weeks after discharge [17] . Thus, effective preparation of patients for discharge from hospital is of great importance.
The association between readiness for discharge from the hospital and adherence to treatment assessed 6 months after discharge in patients treated for MI was the primary finding of this study. However, direct impact of readiness for discharge on clinical outcome during 6 months of follow-up was not able to be determined. This may partly be attributed to inadequate preparation for discharge of patient and his/her, poor coordination of discharge transition, and unsuccessful patient self-management at home [18] .
Extensive preparation for discharge including teaching should be a standard of hospital care. However, several barriers to retention of learning at discharge have to be taken into account, including complexity of managing medical care at home, an overwhelming amount of information, the timing of teaching, as well as content relevance to personal concerns and needs [19, 20] . Although patients are prone to report receiving adequate information prior to discharge, the gaps in knowledge needed is identified when tested with questionnaires. For patients enrolled the present study the readiness for discharge level was judged high with RHD-MIS in about 1/3 of patients while low in 1/4 of the study population.
Moreover, according to a subjective assessment the level of patient knowledge was almost two-fold higher when compared to an objective assessment of patient knowledge.
Multiple factors may contribute to adverse events after discharge, including an overwhelming quantity of information received by patients on their final hospitalization day as well as fragmented and inconsistent communication [17] . A growing body of literature suggests that to ensure patient understanding, satisfaction and safety, discharge planning should start at the time of admission [21] . Ineffective planning for discharge may result in confusion experienced by patients and their families, coping difficulties, and an increased readmission rate [22] . The implementation of a discharge planning procedure, including an assessment of patient readiness for discharge, is the first step in improving the effectiveness of hospital discharge [23, 24] .
It has been previously demonstrated that the views of nurses and patients about what is important in cardiac rehabilitation are often different [25, 26] . Moreover, models of illness represented by patients, which influence their understanding of cardiac problems, frequently differ from models represented by professionals [27, 28] . Therefore, the RHD-MIS was designed as a complex tool taking into account not only the perspective of the patient, but also of the nurse evaluating readiness for hospital discharge, as well as expectations and opinions of the patient [11] . Discordance was found between patient self-assessment and nurse assessment of patient knowledge in almost 60% of cases, including approximately 11% of extreme discordance.
Weiss et al. [18] showed that nurse assessment of discharge readiness was more strongly associated with post-discharge readmissions and emergency department visit utilization than patient self-assessment. Since patients with low knowledge level, according to the RHD-MIS subscale for objective assessment, are at increased risk of low adherence to treatment, they require additional motivation activities and educational intervention to avert adverse outcomes [13, 19, 29, 30] .
Limitations of the study
The study was designed as a single center study, therefore the population may not be representative for other hospitals. The relatively low number of adverse clinical events at post-discharge follow-up did not permit showing any effect on readiness for discharge from hospital on clinical outcome.
Conclusions
The results of this study provide preliminary evidence of an association between assessment of readiness for discharge from hospital and adherence to treatment at long-term follow-up in patients after MI. Further testing of readiness for discharge assessment, coupled with preventive interventions targeted at improvement of adherence to treatment is needed to support rationale for implementation of such a strategy into the discharge procedure. Opinion E. Do you think your return home is associated with additional hazards?
